Abstract The bifurcation problems of rough 2-point-loop are studied for the case ρ Under the transversal and nontwisted conditions, the authors obtain some results of the existence of one 1-periodic orbit, one 1-periodic and one 1-homoclinic orbit, two 1-periodic orbits and one 2-fold 1-periodic orbit. Moreover, the bifurcation surfaces and the existence regions are given.
Introduction and Hypotheses
As everyone know, in the last several decades, there were lots of papers and books were devoted to the study of the bifurcation problems of homoclinic and heteroclinic loops of planar systems, one can refer to [1] - [5] and their references.
In recent years, the bifurcations of homoclinic and heteroclinic loops for higher dimensional cases were also studied extensively, see [7] - [14] . In this paper, we consider the bifurcations of rough heteroclinic loop with two hyperbolic saddle points (abbr. 2-point-loop) in higher dimensional space.
Consider the following C 
Under the hypotheses (H1)∼(H4), Zhu and Xia [13] studied the bifurcation problems of 2-point-loop for the case ρ 2 ) < 1. Under some transversal conditions and the nontwisted condition, we discuss the existence of one 1-periodic orbit, one 1-periodic and one 1-homoclinic orbit, two 1-periodic orbits and one 2-fold 1-periodic orbit. Moreover, the relative bifurcation surfaces and the existence regions were given, and the corresponding bifurcation graph is drawn.
Our results show that, the bifurcation pattern of the rough loop in case (ρ
2 ) < 0 studied here is much more complicated than that in case (ρ
2 ) > 0 studied by [13] .
Local Coordinates and Bifurcation Equation
In this section, we will select the linear independent solutions of the linear variational equation along Γ i as the demanded local coordinates to construct the Poincaré map F i which will be the composition of two maps. One of the maps, F 0 i , will be induced by the flow near p i ( approximately, which will be taken as the flow generated by the linearization of (1.1) at p i ). The other map, F 1 i , will be constructed from the flow outside of a neighborhood of p i and in a sufficient small tube neighborhood of Γ i . The Poincaré map, F i , will then be given by
. For the detail of the method, one can refer to [10, 13, 14] .
Suppose that the neighborhood U i of p i is small enough, then there always exists a C r transformation such that system (1.1) has the following form in U i :
for |µ| sufficiently small, where λ
, and (2.1) is C r−1 . Here, the sign * means transposition. In U i , we have
Assume 
be the fundamental solution matrix of (2.3).
Denote
i |, we say that Γ is nontwisted as ∆ = ∆ 1 ∆ 2 = 1, and twisted as ∆ = −1. In this paper, we only consider the case ∆ = 1. The other cases are similar.
Let 
Then, by [13] , [14] , we get y
Moreover, by some simple calculation, we obtain the maps
and F 0 2 defined by
if we neglect the higher order terms, where
Thus, we have defined the Poincaré map 
Owing to (2.4), (2.7)∼ (2.10), we get the succession functions G i as following: 
Nontwist Bifurcations
Now, we consider the bifurcations near Γ under the hypotheses (H1)∼(H5). Consider the solution of (2.12). It is easy to see that the equation (G 
[6]) such that (3.1) has solution s 1 = s 2 = 0 as µ ∈ L 12 and |µ| 1, equivalently, system (1.1) has a heteroclinic loop near Γ.
Secondly, suppose that (3.1) has solution s 1 = 0, s 2 > 0, then we have 
1}. Then, we have shown the following theorem. Theorem 3.1. Suppose that the hypotheses (H1)∼(H5) are valid, and rank(M 
which is tangent to L 1 at µ = 0 such that (1.1) has a unique homoclinic loop Γ 1, then we know that (1.1) has one 1-homoclinic loop Γ 2 1 homoclinic to p 1 . Now, following from (3.1), we have s
Let V 1 (s 1 ) and N 1 (s 1 ) be the left and right hand of (3.5), respectively. Then, by (3.3), we get 1. In fact,
Combining it with V 1 (s 1 ) > N 1 (s 1 ), we can obtain the above conclusion immediately. Next, we prove the uniqueness of the sufficient small positive solution of equation
Notice that V 1 (s 1 ) − N 1 (s 1 ) = 0 has solutions s 1 = 0 and s 1 = s * 1 , we havė V 1 (s 1 ) −Ṅ 1 (s 1 ) = 0 has surely a solution s 1 =ŝ 1 in (0,s 1 ) according to the Role middle value theorem. Thus we have β 1ŝ
Therefore,
This turn out that s 1 = s * 1 is the unique sufficient small positive solution of equation 
Let V 2 (s 2 ) and N 2 (s 2 ) be the left and right hand of (3.5) , respectively. Then
Take note of 1 < β 1 < 1/β 2 , we geṫ
The proof is complete. Lemma 3.3. Suppose that the hypotheses (H1)∼(H6) hold, then, the curve h = V 1 (s 1 ) is tangent to h = N 1 (s 1 ) at some point s 1 satisfying 0 ≤ s 1 1 if and only if µ ∈ R Owing to (H5), we have
. Thus, for |M
